Background: To prevent early exit from work, it is important to study which factors contribute to healthy ageing. One concept that is assumed to be closely related to, and therefore may influence healthy ageing, is vitality. Vitality consists of both a mental and a physical component, and is characterised by a perceived high energy level, decreased feelings of fatigue, and feeling fit. Since VO 2max gives an indication of one's aerobic fitness, which can be improved by increased levels of physical activity, and because feeling fit is one of the main characteristics of vitality, it is hypothesised that VO 2max is related to vitality. Therefore, the aim of this study was to investigate the associations between VO 2max and vitality. Methods: In 427 older workers (aged 45 + years) participating in the Vital@Work study, VO 2max was estimated at baseline using the 2-km UKK walk test. Vitality was measured by both the UWES Vitality Scale and the RAND-36 Vitality Scale. Associations were analysed using linear regression analyses.
Background
Previous studies have shown that an age-related decline in health is a major contributor to early exit from work [1] [2] [3] . This leads to a shrinking number of economically active people and a future deficit of finances caused by the financial burden on both medical and social services [4] . Age-related decline in health is characterised by an increasing prevalence of chronic diseases, such as cardiovascular disease (CVD), diabetes mellitus (DM) and cancer, but also by the loss of body function (e.g. a decline in bone density mass, loss of renal tissue and a decline in lung function) [5] . To prevent early exit from work, it is thus important to promote and maintain good health.
One concept that is assumed to be closely related to, and therefore may influence health, is vitality. Vitality is related to both mental and physical factors of health [6] [7] [8] [9] [10] [11] . regarding the mental factors, vitality reflects well-being, lower levels of fatigue, higher levels of emotional energy, mental resilience, and perseverance [6] [7] [8] [9] [10] . With respect to the physical factors, vitality is characterised by high energy levels and feeling "strong and fit" [10] . Vitality in the specific field of occupational health has been described by Schaufeli & Bakker (2003) as one of the three dimensions of work engagement and is characterised by "feeling full of energy, strong and fit, and being able to keep on working indefatigable" [10, 11] .
It is plausible to suggest that physical activity may improve both older workers' mental and physical components of vitality. As for the mental component of vitality, physical activity favourably affects mental health, well-being, and feelings of fatigue [12] [13] [14] [15] . Furthermore, it has been shown that people who lead an active lifestyle are at reduced risk of suffering symptoms of depression [15] . As for the physical component of vitality, symptoms of physical illness, disability and immunological dysfunction have all been associated with a lower subjective vitality [7] . As described by Bouchard and colleagues (11), the positive effects of physical activity on health can be explained either through a direct relationship or an indirect one, namely through improved levels of health-related fitness, such as aerobic fitness.
Aerobic fitness is operationalised by VO 2max , which is defined as the highest rate of oxygen consumption attainable during maximal or exhaustive exercise [16] . Several studies have reported an age-related decline in VO 2max [17] [18] [19] . Vigorous physical activity can slow this age-related decline in VO 2max . For physically active persons, the decline is approximately 5 percent per decade, while sedentary persons show a decline of 10 percent per decade [17] . Since VO 2max gives an indication of one's aerobic fitness, which can be improved by increased levels of vigorous physical activity, and because feeling fit is one of the main characteristics of vitality, it is hypothesised that VO 2max is associated to vitality. If VO 2max is associated with vitality, a physical activity intervention can be considered as a promising tool to improve older workers' vitality. To date, the association between VO 2max and vitality has not been studied among older workers. Therefore, the aim of this study was to investigate this association in older workers.
Methods

Study population
This study was conducted as part of the Vital@Work study, a Randomised Controlled Trial (RCT) evaluating a lifestyle intervention aimed at increasing (vigorous) physical activity levels in order to promote older workers' vitality [20] . Older workers (n = 730) were recruited from two major academic hospitals in the Netherlands. In order to be included, workers had to have a contract for at least 16 hours a week at the hospital. In addition, workers had to sign an informed consent form and had to indicate their risk for developing adverse health effects when becoming physically active. This risk was assessed by using the Physical Activity Readiness Questionnaire (PAR-Q) [21] . PAR-Q is composed of seven questions (yes/no) and has been designed to identify adults for whom physical activity might be inappropriate or those who should receive medical advice concerning the type of activity most suitable for them. Older workers who appeared to be at risk of for developing adverse health effects (one or more questions answered with 'yes') were excluded from the Vital@Work study. For the present study, older workers were excluded (n = 303) if they had not completed at baseline a 2-km UKK walk test. This study was approved by the Medical Ethics Committee of the VU university medical center. Of the 730 participants of the Vital@Work study, 427 workers completed a 2-km UKK walk test at baseline and were therefore included in this study.
Measurements Vitality
Vitality was measured by two vitality questionnaires: 1) the RAND-36 vitality scale [22] was used to measure vitality in general, and 2) the Utrecht Work Engagement Scale (UWES) vitality scale was used to measure vitality in the specific occupational setting of this study, namely older workers [10] .
The RAND-36 Vitality Scale consist of four questions that refer to the past four weeks: 1) "Did you feel full of pep?" 2) "Did you have a lot of energy?" 3) "Did you feel worn out?" 4) "Did you feel tired?" The answers were rated on a six-point scale from "all of the time" (1) to "none of the time"(6) [22] . The RAND-36 vitality scale has shown to be sufficiently reliable; internal consistency was 0.82 (Cronbach's α) and a six-month test-retest stability coefficient was 0.63 [22] . The RAND-36 vitality score ranged from 0-100 points, calculated by (summing the points of each item -4)/20) * 100. A higher score indicates a better subjective vitality.
The UWES is a 17-item questionnaire and is used to measure work engagement in the general working population [10] . The questionnaire consists of three scales, each measuring a component of work engagement, namely dedication, absorption, and vitality. Vitality is measured by six questions that refer to high levels of energy, fitness, resilience, the willingness to invest effort, not being easily fatigued, and persistence in the face of difficulties. The answers were rated on a 7-point scale from never (0) to daily (6) . The UWES Vitality Score is calculated by the mean score of the six items. The UWES Vitality Scale has shown sufficient internal consistency (Cronbach's α = 0.82). Two longitudinal studies carried out in Australia and Norway showed one-year test-retest stability coefficients ranging between 0.64 and 0.71 [10] .
VO 2max
VO 2max was estimated with the 2-km UKK walk test. This test has shown to be a feasible and accurate method for predicting VO 2max in healthy 20-65 year old subjects [23, 24] . The walk test was performed in a public park near the workplace. Before explaining the procedure of the test, workers were asked to: 1) fill out a form with their name, age and self-reported body height and body weight, and 2) put on a Polar heart rate monitor (type S610I; Polar Electro, Lake Success, NY). Subsequently, the procedure was explained in groups of on average 7 workers. Workers had to walk two kilometres individually at a pace as brisk as possible, but without running. At the finish, the heart rate and the performance time for the 2-km walk were noted by the research assistant. VO 2max was estimated using genderspecific equations including age, body mass index (BMI), performance time for the walk (min) and heart rate at the end of the walk (HR). Data of self-reported body weight and body height were used to calculate BMI (kg/m 2 ). To calculate VO 2max (ml × min -1 × kg -1 ), the following regression equations were used [25] 
Covariates
Other variables relevant for this study were measured using a questionnaire and included age, gender, education (low = elementary school or less, medium = secondary education, and high = college/university), smoking (yes/no), and marital status (married/cohabitating/single/divorced/widowed). Information about chronic disease status (yes/no) was obtained using a 1-item question about chronic diseases from the Dutch Working Conditions Survey [26] .
Statistical analysis
Distributions of the continuous variables vitality, VO 2max and age were described using means and standard deviations (SD); categorical variables were described using frequencies and percentages (Table 1) . Correlation matrices were constructed to show the correlation between VO 2max , and vitality measured by both the RAND-36 Vitality Scale and the UWES Vitality Scale (Table 2) . To determine the association between VO 2max and vitality, linear regression analyses were performed. Separate models were performed for the two different vitality measures (i.e. RAND-36 Vitality Scale and UWES Vitality Scale). Both crude and adjusted linear regression models were conducted (Table 3) . Age, gender, education, marital status, smoking and having a chronic disease were included as potential confounders. Based on Twisk [27, 28] , a variable was classified as a confounder when the variable resulted in at least 10% change of the regression coefficient when included in the regression model. In addition, potential effect modification was assessed for all covariates, except for marital status, in order to investigate whether the association between VO 2max and vitality is different for different subgroups (e.g. man versus women, younger workers versus older workers). This was assessed using interaction terms, which consisted of the independent variable and the covariate. Interaction terms were added separately to the analyses to determine their effects on the association between VO 2max and vitality using a significance level p < 0.10. Statistical analysis were performed with the statistics software SPSS, version 15.0 (SPSS Inc. Chicago, Illinois, USA). The criterion p < 0.05 was applied to indicate statistical significance.
Results
Study population
The characteristics of the study population are summarised in table 1. The workers were, on average, 52.4 (SD = 5.0) years old and the majority of the population was highly educated (64.9%). Women represented 71.7% of the population and the majority of the workers was married/cohabitating (74.5%). The mean VO 2max was 34.7 (SD = 8.3) ml × min -1 × kg -1 for men and 28.8 (SD = 5.6) ml × min -1 × kg -1 for women, which represents average levels of VO 2max for both gender groups [29] . Workers had a mean score of 4.9 (SD = 0.9) on the UWES vitality scale, which correspondents with the category 'high' according to the UWES classification [10, 11] . The mean score on the RAND-36 vitality scale was 66.4 (SD = 16.9), which correspondents with the average norm score of this scale [22] .
Correlations VO 2max and vitality (RAND-36 & UWES)
The correlations between VO 2max and the two measurements of vitality are presented in Table 2 . There was a positive correlation between VO 2max and vitality measured by the RAND-36 Vitality Scale (r = 0.16, p < 0.001). There was no significant correlation between VO 2max and vitality measured by the UWES Vitality Scale (r = -0.07, p < 0.160). Finally, the two vitality scales (i.e. RAND-36 Vitality Scale and UWES Vitality Scale) were positively correlated (r = 0.41, p < 0.001).
Associations between VO 2max and the RAND-36 Vitality Scale
Results of crude and adjusted linear regression analyses for the association between VO 2max and the RAND-36 Vitality Scale are presented in table 2. Crude analysis showed that each point increase of VO 2max was associated with a significant increase of 0.395 points on the RAND-36 Vitality Scale (β: 0.395, 95% CI: 0.120-0.577, p < 0.003). After adjusting for the potential confounder age, the association between VO 2max and vitality measured by the RAND-36 Vitality Scale became significantly stronger (β: 0.446, 95% CI: 0.220-0.673, p < 0.000).
Associations between VO 2max and the UWES Vitality score Table 2 also presents the results of the crude and adjusted linear regression analyses for the association between VO 2max and the UWES Vitality scale. Crude analysis showed that there was no significant association between VO 2max and vitality measured with the UWES Vitality Scale (: -0.007, 95% CI: -0.018-0.00, p < 0.160). Age, gender, and chronic diseases appeared to be confounders in this association since these variables caused a more than 10% change of the regression coefficient after adding to the regression model. After adjustment for these confounders, there was still no association between VO 2max and vitality measured by the UWES Vitality Scale (: -0.006, 95% CI: -0.017-0.006, p < 0.332).
Discussion
The aim of this study was to investigate the association between VO 2max and vitality in older workers. This study showed a positive and significant association between VO 2max and vitality measured by the RAND-36 Vitality Scale. However, there was no association between VO 2max and vitality measured by the UWES Vitality Scale. Our findings concerning the RAND-36 vitality scale were indirectly supported by a recent cross-sectional Finnish study, which showed that a higher cardiorespiratory fitness (CRF), expressed as a Physical Fitness Index (PFI) based on VO 2max and muscle strength, was associated with a higher vitality measured with the RAND-36 Vitality Scale [30] . Results from another study of middle-aged male workers showed that there was no correlation between VO 2max and the RAND-36 Vitality Scale [31] . The gender focus and the small study sample (n = 73) may partly account for the difference in results of this and the present study. Besides the direct relationship between VO 2max and vitality, there is scientific evidence for the relationship between physical activity and vitality. The review of Puetz [13] demonstrated considerable evidence between physical activity and a 41% reduced risk of experiencing low energy levels and fatigue measured with the RAND-36 Vitality Scale, when active adults were compared with sedentary peers. Since vitality can be defined as a component of health-related quality of life (HRQoL), the RAND-36 is a questionnaire to assess HRQoL. There has been a recent study investigating the association between CRF and HRQol. In this observational study of healthy United States navy men, relatively higher levels of CRF (expressed as maximal MET level, which was calculated from sub maximal VO 2max ), were associated with higher levels of HRQoL [32] . As for the UWES vitality scale, there have not been any published studies investigating the association between VO 2max and the UWES vitality scale or the total concept of work engagement, respectively.
Methodological considerations
In this study, VO 2max was measured using the UKK walk test, which provides an indirect measure of VO 2max . The optimal way for measuring VO 2max is by a maximal exercise test (i.e. treadmill test). However, considering the large target population, the UKK walk test was most practical, suitable and socially acceptable [25] . Moreover, research has shown that the VO 2max calculated by the UKK walk test predicted 73-75% of the [25] . Furthermore, although measuring body height and body weight are quick and easy measures, for practical reasons self-reported body height and body weight were in this study used to calculate BMI, and subsequently VO 2max . These self-reported measures may have been biased because body weight is often under-reported, while body height is often overreported [33] [34] [35] . Nevertheless, several studies have shown that self-reported BMI is reasonably accurate [36] [37] [38] . Another consideration is that this study investigated the associations between VO 2max and vitality using a cross-sectional design, from which we cannot determine a direct cause and effect relationship. Also, generalisibility of this study may be limited because it was conducted only among hospital workers aged 45 years and older. Future longitudinal research among a general working population is needed to provide a better understanding about this direct cause and effect relationship.
Measuring two constructs of vitality
This study showed that the correlation between the RAND-36 Vitality Scale and the UWES Vitality Scale was moderate (r = 0.41, p < 0.001). When two scales measure the same construct, a higher correlation between the two scales can be expected. Therefore, it can be assumed that the two vitality scales measure two different constructs of vitality, namely a physical and a mental component, respectively. Considering the origin of both the vitality measurements, this assumption seems plausible. The RAND-36 is the Dutch version of the MOS 36-item Short-form Health Survey (SF-36) [39] , which was designed for use in clinical practice and research, health policy evaluations, and general population surveys. The RAND-36 includes one multi-item scale that assesses 8 health concepts, including vitality [22] . As described in the methods, the RAND-36 Vitality Scale consists of questions referring to perceived energy level and fatigue [9] . This may indicate that the RAND-36 Vitality Scale represents mainly the physical component of vitality.
The UWES on the other hand, has been developed by Schaufeli and Bakker who were also involved in the development of the Utrecht BurnOut Scale (UBOS) for measuring burnout, which is work-related psychological exhaustion [40] . The UWES was developed by reversing the three negative dimensions of the UBOS (i.e. exhaustion, cynicism, and professional efficacy) into the three positive dimensions of the UWES (i.e. vitality, dedication, and absorption) [40, 41] . Considering the origin of the UWES, it is plausible that the UWES Vitality Scale focuses mainly on the mental component of vitality. For the evaluation of the effectiveness of future preventive (occupational) vitality programs, it is essential to have the availability of a reliable and valid questionnaire that covers the entire concept of vitality. Since vitality seems to consist of a mental as well as a physical component, the findings of our study imply that neither the RAND-36 Vitality Scale nor the UWES Vitality Scale covers the entire concept of vitality. Therefore, for future research it is recommended to be focussed on the development and evaluation of such a questionnaire.
Conclusions
This study showed a positive and significant association between VO 2max and general vitality measured by the RAND-36 Vitality Scale. However, there was no significant association between VO 2max and vitality measured by the occupational health specific UWES Vitality Scale. The idea that physical exercise can be utilised as an effective tool for improving vitality was supported in this study, since an improvement in VO 2max was associated with an increased vitality (RAND-36). This will be further investigated among older workers in the Vital@Work study [20] .
